Humans are genetically deficient in the common mammalian sialic acid N-glycolylneuraminic acid (Neu5Gc) because of an Alu-mediated inactivating mutation of the gene encoding the enzyme CMP-N-acetylneuraminic acid (CMP-Neu5Ac) hydroxylase (CMAH). This mutation occurred after our last common ancestor with bonobos and chimpanzees, and before the origin of present-day humans. Here, we take multiple approaches to estimate the timing of this mutation in relationship to human evolutionary history. First, we have developed a method to extract and identify sialic acids from bones and bony fossils. Two Neandertal fossils studied had clearly detectable Neu5Ac but no Neu5Gc, indicating that the CMAH mutation predated the common ancestor of humans and Neandertals, Ϸ0.5-0.6 million years ago (mya). Second, we date the insertion event of the inactivating human-specific sahAluY element that replaced the ancestral AluSq element found adjacent to exon 6 of the CMAH gene in the chimpanzee genome. Assuming Alu source genes based on a phylogenetic tree of human-specific Alu elements, we estimate the sahAluY insertion time at Ϸ2.7 mya. Third, we apply molecular clock analysis to chimpanzee and other great ape CMAH genes and the corresponding human pseudogene to estimate an inactivation time of Ϸ2.8 mya. Taken together, these studies indicate that the CMAH gene was inactivated shortly before the time when brain expansion began in humankind's ancestry, Ϸ2.1-2.2 mya. In this regard, it is of interest that although Neu5Gc is the major sialic acid in most organs of the chimpanzee, its expression is selectively down-regulated in the brain, for as yet unknown reasons. hominid evolution ͉ sialic acids ͉ Alu sequences
S
ialic acid (Sia) is a generic term for a family of acidic monosaccharides found at the terminal ends of sugar chains attached to cell surfaces and to soluble glycoproteins (1-3). A major biochemical difference between humans and other mammals, including the closest living relatives of humans (chimpanzees and bonobos), is in the expression of the Sia Nglycolylneuraminic acid (Neu5Gc). Whereas human tissues and body fluids contain little or no detectable Neu5Gc, corresponding samples from chimpanzees and bonobos (and the other great apes, gorillas and orangutans) express high levels (4) . Humans instead express an excess of the precursor Sia N-acetylneuraminic acid (Neu5Ac). Human deficiency of Neu5Gc is due to inactivation of the gene for CMP-N-acetylneuraminic acid (CMP-Neu5Ac) hydroxylase (CMAH), which converts CMPNeu5Ac into CMP-Neu5Gc in other animals (3, 5, 6) .
Neu5Gc expression in non-human mammals is developmentally regulated and tissue-specific (1, 2, 7-9), implying multiple biological roles. Some Sia-binding proteins can distinguish Neu5Gc from Neu5Ac. Thus, the CMAH mutation could have altered interactions involving endogenous human receptors such as sialoadhesin͞Siglec-1 (10) and myelin-associated glycoprotein͞Siglec-4a (11) , as well as the binding of pathogenic microorganisms such as influenza A (12) (13) (14) , rotaviruses (15) , and Escherichia coli K99 (16) . Such differences could have potentially affected human ontogeny, physiology, disease susceptibility, and͞or the ability of humans to domesticate livestock.
Human Neu5Gc deficiency is due to a 92-bp frame-shifting exon deletion in the CMAH gene (5, 6 ) giving a markedly truncated protein (5) , lacking amino acid residues necessary for enzyme activity (17) . This mutation is homozygous in all human populations but absent in great apes (3, 5, 18 )-i.e., it occurred after our last common ancestor with chimpanzees but before the diaspora of present-day humans. This mutation was apparently caused by a human-specific sahAluY element that replaced an ancestral AluSq element found adjacent to exon 6 of the CMAH gene in the genomes of great apes (18) .
Regardless of the original selection process(es) involved in human loss of CMAH (e.g., a pathogen preferentially recognizing Neu5Gc as a host receptor), there could have been secondary biological consequences. Thus, determining when the mutation occurred would allow rational hypotheses regarding its potential relationship to changes during human evolution. Unfortunately, DNA sequence information is impossible to retrieve from fossils older than Ϸ100,000 years (19, 20) . We therefore used three other independent methods to date the inactivation of the human CMAH gene. First, we reasoned that Sias are more likely to survive in fossils than DNA, as they are 9-carbon monosaccharide units rather than polymers of nucleic acids. Thus, we directly analyzed present-day human, great ape, and Neandertal and other fossil samples for the presence of Neu5Ac and Neu5Gc. Second, we estimated the timing of the Alu integration event that inactivated the human CMAH (18) . Finally, because pseudogenes have different rates of nucleotide substitution as compared with active genes subject to selection, we used the molecular clock approach to date the mutation in the human CMAH gene (21) .
Diego. Faunal fossil samples (cave bear, dugong, mammoth, etc.) were purchased from recognized dealers at the 1999 International Fossil Show in Tucson, AZ. Georgian Neandertal fossils were kindly provided by Ivan Nasidze (22) . Homo erectus fossil samples (Solo skulls) found in Ngandong, East Java in the 1930s as well as fossil fauna from Ngandong excavated in 1976 (23) were obtained from Gadjah Mada University in Yogyakarta, with permission from Teuku Jacob. Kenyan fossil samples were collected from sites in the Turkana Basin dating between 4 and 1.5 million years, including Nariokotome, Nachukui, Kalachoro, Lomekwi, and Kanapoi to the west of the modern lake, and Allia Bay and Koobi Fora to the east (24) (25) (26) .
Release, Purification, and Analysis of Sias from Bones and Fossils. The surface of the bone or fossil was filed off, and a powdered sample was collected by drilling into the center, which was then decalcified and solubilized in 0.5 M EDTA, pH 8, and 5% sarkosyl at 25°C overnight, followed by digestion with 10 mg͞ml proteinase K at 37°C overnight. A Centricon-30 filtration unit was used to collect glycopeptides (in the run-through), which were hydrolyzed in 80 vol of 4 M acetic acid at 80°C for 3 h to release Sias. Cations were eliminated by using AG50W-X2 resin (Hϩ form) in water. After lyophilization, the sample was resuspended in 10 mM acetic acid, and the precipitate containing the acid form of EDTA was centrifuged out. The sample was then diluted to a reading of Ͻ20 mosM, applied to an AG1X8 anion exchange column (formate form), and Sias were eluted with 1 M formic acid. After passage through a SPICE C18 cartridge, the sample was finally lyophilized. Sia recovery was confirmed in pilot experiments using external sialoglycoprotein or internal [ 3 H]Neu5Ac standards. Purified samples were derivatized with 1,2-diamino-4,5-methylene dioxybenzene (DMB), and fluorescent DMB adducts (E x ϭ 373 nm, E m ϭ 448 nm) were resolved by reverse phase HPLC (27) . The nature of the DMB derivatives of Sias was confirmed by mass spectrometry (28) . Peak areas corresponding to the expected elution times of Sias were collected, concentrated, and analyzed by using a Finnigan MAT HPLC with online mass spectrometer model LCQ-mass spectrometer system A (28) . A Varian C18 column was eluted isocratically at 0.9 ml͞min with 8% acetonitrile͞7% methanol͞0.1% formic acid in water over 50 min, and the eluent was monitored by UV absorbance at 373 nm and by electrospray ionization mass spectrometry (capillary temperature 210°C, capillary voltage 31 V, and lens offset voltage 0 V). Spectra were acquired by scanning from m͞z 150-2000 in the positive-ion mode. In some instances, MS͞MS spectra were acquired by selecting the parent mass and applying a 20% normalized collision energy. Data analysis was performed using the XCALIBUR data analysis program from the manufacturer.
Collection and Comparison of Alu Sequences. Eighty-six intact
AluYb8 elements that are human-specific and fixed in human populations were picked up from a recently reported AluYb8 list (29) (see Supporting Text, which is published as supporting information on the PNAS web site, www.pnas.org, for a full list of sequences used for the analysis). The phylogenetic tree of each subfamily was made by the neighbor-joining method (30) . The actual number of nucleotide substitutions was calculated by Kimura's two-parameter method (31) . Poly(A) tails in the sequences were excluded from the analysis.
Sequencing of Great Ape CMAH cDNAs. Reverse transcription-PCR was performed on total RNA from Epstein-Barr virustransformed great ape lymphocytes (kindly provided by Peter Parham). The mRNA was reverse-transcribed by using 50 pmol of random hexamer or CMAH-specific primer, 200 units of Superscript II, and 20 units of RNase inhibitor in a 40-l reaction with first-strand buffer, 200 M dNTP, and 10 mM DTT. A 2-l portion of the reverse transcription reaction was then PCRamplified with Boehringer Mannheim's Expand Long Template PCR system with 2.25 mM MgCl 2 and detergents; 20 pmol each of primers S5-Hom (GGCAGACGATGGGCAGCATCG) and A3-Hom (TGGATTCGTATCTACTACAG) were used, based on homologous sequences of known murine, human, and chimp CMAH genes. Some sequences were reamplified with a second round of PCR. PCR products were resolved on 1% agarose gels, gel-purified, and directly sequenced with 14 primers spanning both directions of the entire CMAH sequence, based on homologous sequences from the murine, human, and chimp. Data were verified visually and assembled into contiguous sequences by using SEQUENCHER 3.1. Final sequences are based on overlapping sequencing runs covering both strands.
Results
Sias Can Be Purified from Bone and Fossil Samples. Sias are traditionally isolated from soft tissues. We established a modified protocol for Sia purification from highly mineralized bone tissue. Normally, after soft-tissue samples are mechanically disrupted and cells are lysed, the fraction of interest is subjected to mild acid hydrolysis to release Sias from their attachment to sugar chains. Released Sias are then purified by ion-exchange chromatography. In keeping with prior experience with bony fossils (19), we used 5% Sarkosyl and EDTA to demineralize and solubilize the powdered bone samples. However, the high EDTA concentration inhibited subsequent release of Sias by mild acid, which is normally performed using 2 M acetic acid. Using known sialoglycoprotein standards, we established that 80 vol of 4 M acetic acid were required to overcome the buffering effect of EDTA and obtain proper release of Sias. The high concentration of EDTA also inhibited subsequent binding of released Sias to the anion-exchange column. This problem was overcome by cation-exchange chromatography and subsequent precipitation of the resulting hydrogen form of EDTA under acidic conditions. This was followed by dilution to yield an electrolyte concentration of less than 20 mM, which no longer interferes with the anion-exchange step. In early experiments, adequate Sia recovery was monitored by adding tracer amounts of [ 3 H]Neu5Ac to the starting samples. As shown in Fig. 1A , this modified protocol allowed the detection of Sias in contemporary human and great ape bone samples. As expected, human bones gave only a single peak of Neu5Ac, whereas all great ape samples gave an easily detectable peak of Neu5Gc as well.
Sias could also be recovered from some, but not all, Pleistocene and Miocene fossils (Fig. 1B) . Although older fossil samples showed increasing contaminating peaks in the region where Sia DMB adducts eluted, their presence could be confirmed by mass spectrometry, where the primary ion masses and electron-impact fragmentation patterns corresponded to those expected for Neu5Ac and Neu5Gc (Fig. 2) .
Neandertals, Like Humans, Lacked Neu5Gc Expression. As shown in Fig. 3A , the HPLC profile of Sias purified from the Neandertaltype specimen contained Neu5Ac but no Neu5Gc. This particular sample was also originally processed with great care to avoid contamination during the PCR amplification of Neandertal mitochondrial DNA sequences (19) . To confirm that handling did not cause contamination, a control for the processing steps was run alongside the test sample. This showed only a very minor peak in the area of Neu5Ac. Neu5Gc and Neu5Ac do not show any major differences in degradation rates under various conditions of pH and temperature. Based on the amount of Neu5Ac recovered from the Neandertal sample, Neu5Gc would have been detected if present at a level higher than 0.04% of the total Sias. Fig. 3B shows the DMB-HPLC profiles of Sias extracted from two additional Neandertal specimens. The Neandertal tooth root ID no. 486 (from Sakajia, Georgia) gave a finding very similar to the type specimen-i.e., clearly detectable Neu5Ac but no Neu5Gc. In this case, there was sufficient Sia recovered to confirm the Neu5Ac peak by mass spectrometry. We were unable to isolate any Sias from the other Neandertal specimen, the tooth root ID no. 2042 from Tsoutskhvati, Georgia.
It is very unlikely that positive samples were simply contaminated with exogenous Sias. First, samples were collected from the center of the specimen. Second, Sias are not present in plants, most invertebrates, or most microorganisms (2) . Third, only some samples contained Sias. Fourth, blank controls incorporating all reagents and processing steps ruled out significant contamination during handling (Fig. 3A) . Thus, the CMAH gene inactivation predated the human-Neandertal common ancestor Ϸ500,000-600,000 years ago (19) .
Samples from H. erectus fossils found above the Solo River near Ngandong, Java in the mid-1900s, believed to be as recent as 50,000 years old (23), were examined, as were numerous faunal samples collected from sites (see Materials and Methods), where African bipedal hominid fossils had previously been found (24) (25) (26) . Unfortunately, none of these samples yielded detectable Sias, indicating that the fossilization conditions at these sites were not conducive to Sias preservation. Based on these experiences, it is unlikely that current methods will allow us to recover and detect Sias from fossils found in tropical and subtropical regions. This is consistent with work by others indicating that the mean temperature in the area of fossilization is a major determinant of whether ancient DNA can be recovered (32) .
Analysis of Alu Sequences to Time the Inactivation of the CMAH Gene.
The Alu family of transposable elements includes primatespecific, nonautonomous retroposons comprising Ϸ10% of the human genome (33, 34) . Inactivation of CMAH evidently involved replacement of an ancient AluSq present in the humanchimpanzee ancestral genome with a younger sahAluY (sialic acid hydroxylase AluY) that is related to the AluYb8 subfamily (18) . We used the timing of human Alu integration events to calculate the inactivation time of CMAH.
Individual members of Alu subfamilies seem to have arisen by amplification of a small subset of ''source'' or ''master'' genes (33, 35) . Thus, the actual number of nucleotide differences between an Alu member and its source gene is directly proportional to the age of the Alu member. Because the time (t 1 ) of the CMAH inactivation would be equal to the insertion time (t sah ) of sahAluY, it can be estimated as t 1 ϭ t sah ϭ d sah ͞, where d sah is the actual number of nucleotide substitutions between sahAluY and its source gene, and is the nucleotide substitution rate of human Alus per site per year. Kimura's two-parameter model (31) is suitable for calculating the actual number of nucleotide substitutions between two Alus because the transition rate is approximately four times higher than the rate of transversion in typical Alu sequences (36) . To calculate , we used members of the AluYb8 subfamily. Because Ͼ99% of AluYb8 subfamily members are human-specific (29) , the dissemination of AluYb8 elements would have started around the divergence between humans and chimpanzees, and the oldest humanspecific AluYb8s would have inserted into the human genome immediately after the divergence. It is therefore assumed that the age (t yb8 ) of the oldest human-specific AluYb8 is equal to the divergence time (t) between human and chimpanzee. Thus, is estimated by ϭ d yb8 ͞t yb8 ϭ d yb8 ͞t, where d yb8 is the actual number of nucleotide substitutions that have accumulated in the oldest AluYb8 lineage. Using the two formulas above, we derive the following formula: t 1 ϭ (d sah ͞d yb8 )t. We have shown (18) that the CMAH inactivating sahAluY is most closely related to another human-specific AluY, msAluY (most similar AluY). According to the Alu amplification model (33, 35, 37) , it is likely that both sahAluY and msAluY were disseminated from a single Alu source gene. We therefore prepared a phylogenetic tree with sahAluY, msAluY, and 86 intact human-specific AluYb8s that are fixed in human populations (ref. 29 and Fig. 4 ). This unrooted tree shows that whereas sahAluY and msAluY branch off from a common node, the branch length of msAluY is almost nil. We also estimated the branch length, leading to sahAluY and msAluY by selecting one AluYb8 member as an outgroup. These lengths are nearly the same, irrespective of the outgroup sequence (data not shown). It is therefore reasonable to assume that the sequence of msAluY is identical to that of the source gene that generated sahAluY and msAluY. By using sahAluY and msAluY, we obtain d sah ϭ 0.022. The tree also shows that most AluYb8s branch off from a single point that represents 13 identical AluYb8 sequences. This suggests that most members might have been derived from a single source gene whose sequence is identical with those of these 13 AluYb8 elements. Based on the above considerations, the AluYb8-3 is then chosen as the oldest humanspecific AluYb8 because this is the most distant relative of the assumed AluYb8 source gene (see Fig. 4 ). Interestingly, the assumed AluYb8 source gene is identical with the YAP (Y Alu polymorphic) element (38) . Because the YAP element is dimorphic and has been recently integrated into the human genome, it is possible that its sequence is identical with that of true AluYb8 source gene. These findings strongly support our assumption on the AluYb8 source gene. By using the assumed AluYb8 source gene and the AluYb8-3 element, we obtain d yb8 ϭ 0.043. We used the above data to derive an inactivation time of the CMAH gene of (0.512 Ϯ 0.209)t. Using the human-chimpanzee divergence time (t) estimated below in the CMAH molecular clock analysis, we calculate that Alu-mediated inactivation of the CMAH gene occurred 2.7 Ϯ 1.1 mya.
Dating the Inactivation of the CMAH Gene by Molecular Clock Analysis
of the CMAH (Pseudo)Gene. Once the human CMAH gene suffered an inactivating mutation and became a pseudogene, there would no longer have been a selective pressure to maintain the appropriate functional sequence. Therefore, nonsynonymous substitutions (nucleotide substitutions that produce a change in amino acid sequence) would have begun accumulating at the neutral mutation rate, the same rate at which synonymous substitutions that do not change amino acid sequences accumulate (21) . In contrast, the orthologous genes in other primates would have continued under selection pressure, favoring synonymous substitutions over nonsynonymous substitutions. We have used this expected difference in mutation rates to calculate when the human CMAH mutation might have occurred.
When we assume that the neutral mutation rate is k, the nonsynonymous substitution rate in a functional gene can be written as f N k, where f N is the fraction of neutral substitutions. The value f N is less than or equal to unity and inversely relates to the degree of functional constraint as 1Ϫ f N . This f N varies from gene to gene depending on the extent of functional importance. The more important the gene, the smaller its f N . However, once it becomes a pseudogene, f N becomes unity and the rate increases to k. This increase in the substitution rate at nonsynonymous sites is thus used to estimate the time of inactivation of the CMAH gene.
For the human CMAH gene, we define t 1 as the time elapsed since the inactivation and t as the time after the human and chimpanzee lineages diverged from each other. During t Ϫ t 1 , the gene is functional so that the nonsynonymous sites evolve at a rate of f N k, whereas during t 1 the rate is k because of the loss of function. Therefore, the per-site number of nonsynonymous substitutions in the human lineage is expected to be f N k(t Ϫ t 1 ) ϩ kt 1 . If we know f N , k, and t, we can estimate the value of t 1 .
The f N value for the functional CMAH gene is estimated as a ratio of the per site number of nonsynonymous substitutions to that of synonymous ones in non-human primate genes. To obtain an estimate of f N , we directly sequenced multiple CMAH cDNAs from all of the great apes and determined the total number of nonsynonymous and synonymous substitutions (n N and n S ) along each lineage by the maximum parsimony method (Fig. 5 ). In all, nine sequences were used for this analysis (see Supporting Text for alignments of all of the sequences). In our original work comparing human and ape hydroxylase cDNAs, we noted some less common alternate forms of the human pseudogene transcript, including some insertions and deletions in the 3Ј region. A similar diversity was not seen in cDNAs from chimpanzee cells. We speculated that these human transcript variations reflect random degeneration in splicing precision of a nonfunctional gene. We have not pursued this issue further. For this particular study, we chose to sequence only the longest dominant human transcript that could be fully aligned with the great ape cDNA sequences. The 5Ј and 3Ј untranslated regions were excluded from this analysis because of a large deletion in humans, bonobos, and gorillas. The 92-bp region deleted in humans was also excluded from the analysis, as was a short segment at the end of the human transcripts that showed marked differences between the two human samples. The average values become n S ϭ 17 and n N ϭ 10. The number of synonymous and nonsynonymous sites is l S ϭ 393 and l N ϭ 1,236, respectively. We thus have f N ϭ n N l S ͞n S l N ϭ 0.19, suggesting rather strong selective constraint against the nonsynonymous substitutions in the functional CMAH gene (22) .
The neutral mutation rate k is estimated as the synonymous substitution rate under the assumption of no constraint on synonymous substitutions. To obtain k, we use the average number of synonymous substitutions along the lineage leading to the human and the great apes after their divergence of orangutans. The average number is 7.9. If we assume that the divergence time of orangutans is 13 mya, we have k ϭ 7.9/393͞(13 ϫ 10 6 ) ϭ 1.5 ϫ 10
Ϫ9
per site per year. Using this k and the average number (3.1) of synonymous substitutions in the human and chimpanzee lineages, we estimate the divergence time t between the human and the chimpanzee as t ϭ 3.1͞393͞k ϭ 5.3 mya. Finally, the number of nonsynonymous substitutions in the human CMAH gene is given by 6͞1,236 ϭ 4.9 ϫ 10
Ϫ3
. Solving the equation of
for t 1 with the estimates of f N , k, and t, we obtain t 1 ϭ [(4.9 ϫ 10
years.
Discussion
We have shown that Sias can be purified from bones and from ancient fossils and specifically identified by DMB derivatization, HPLC separation, and mass spectrometry. This approach showed that Neandertals, like present-day humans, did not express Neu5Gc. This indicates that the hydroxylase was inactivated before the time of our common ancestor with Neandertals, likely about 500,000-600,000 years BP (19) . Our failure to recover Sias from Javanese H. erectus samples and faunal fossils from Africa suggests that it may not be worthwhile to further study samples from tropical and semitropical areas, at least with presently available methods. Unfortunately, these are the regions where most of the more ancient bipedal hominids have been discovered. Thus, we used independent molecular approaches to estimate that the inactivating mutation in the . Phylogenetic tree of hydroxylase sequences built by the maximum parsimony method. Individual nucleotide substitutions on each branch (based on ancestral sequence deduced from rhesus monkey) are indicated and designated S or N, depending on whether the nucleotide substitution is a synonymous or nonsynonymous change, respectively (chronological order is not implied in the order of each listing). The rhesus monkey sequence (GenBank accession no. AB013814) was used as an outgroup to deduce an ancestral sequence of orangutan, gorillas, chimpanzees, and humans. A change that induced a new stop codon at the C terminus of the gorilla Beta sequence was observed and excluded from the analysis.
hydroxylase occurred just over 2 mya. No single one of these approaches is free of potential error. However, when taken together, they allow us to reasonably date the inactivation of the hydroxylase to the period just before the appearance of Homo.
Since our last common ancestor with the chimpanzee, significant changes in teeth and jaw structure, bone-frame size, locomotion style, ontogeny period, and brain size have occurred during human evolution (39) . Fossil records indicate that australopiths had large teeth, small brains, and skeletal structures adapted to a more terrestrial lifestyle. Whereas their pattern of locomotion is likely to have included some arboreality, they were fully bipedal and did show many signs of advanced bipedal bone structure. The 3.5 million-year-old Laetoli footprints of Australopithecus afarensis show human-like proportions, arches, heel strike, and convergent big toes (40) . Comparative anatomical analysis of human, apes, and fossil hominids indicate that A. afarensis had significant features of bipedality (39, 41) . Therefore, upright locomotion was acquired at the early stage of bipedal hominid evolution, and the inactivation of the hydroxylase could not have contributed to its establishment.
Starting at Ϸ2.1-2.2 mya in the bipedal hominid clade (relatively soon after the approximated time of the CMAH mutation), one begins to see significant increases in brain size relative to body size (39, 41) . Whereas the brains of early australopiths are in the size range of modern great apes, an increase in brain size accelerated episodically in later bipedal hominids, until the time of the first archaic H. sapiens about 400,000-500,000 years ago. This increase in brain mass relative to body size (encephalization) is believed to be at least partly related to secondary altriciality (incompletely developed and helpless state of the newborn), and the relative increase of brain size after birth (39, 42, 43) . Unlike most primate brains that stop growing relatively soon after birth, human brains continue to grow for some time postnatally, at a rate similar to the body growth rate. Prenatal growth of the head is limited by the size of the mother's birth canal. Comparative anatomical analysis of humans and our earlier fossil relatives had previously suggested that secondary altriciality accompanied the appearance of brains of Ͼ750 cm 3 (39) , although a recent study suggested a later origin of secondary altriciality (43) .
It is premature to speculate much regarding possible roles of CMAH gene inactivation in the acquisition of human-specific features. It is intriguing to note that, in all mammals studied so far (1), including the chimpanzee (4), the amount of Neu5Gc in the brain is always very low, no matter what the levels are in other organs of the body. This seems to be explained by selective down-regulation of CMAH gene expression in the mammalian brain (44) . A potentially testable hypothesis is that the low levels of residual brain Neu5Gc in other mammals somehow limited brain expansion and that the human CMAH mutation released our ancestors from such a constraint. We are therefore studying the effects of Neu5Gc overexpression in the mouse brain and exploring how Neu5Gc expression might affect the biology of neural cells and molecules.
We gratefully acknowledge Susan Anton (Rutgers University) and Teuku Jacob (Gadjah Mada University) for helping to arrange contacts among the investigators. We thank Pascal Gagneux for helpful discussions and Yen-Liang Chen for helpful technical suggestions. This work was supported by U.S. Public Health Service Grant R01-GM323373 and by the G. Harold and Leila Y. Mathers Charitable Foundation. >1  GGCCAGGCGCAGTGGCTCACGCCTGTAATCCCAGCACTATGGGAGGCCAAGGCAGGTGGATC  ACCTGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAA  ATACAAAAAATTAGCCAGGCGCGGTGGCGGGCGCCTATAGTCCCAGCTACTCGGGAGGCTGA  GGCAGGAGAATGGCGTGAACCCAGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGC  AGTCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCTGTCTC  >2  GGCCGGGCACGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGATGGATC  ATGAGGTCAGCAGATCGAGACCAACCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCAGGCGTGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGTGTGAACCCGGGAGGCGGAGCTTGCAGTGAGCTGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGACCGAGACTCCGTCTC  >3  GGTTGGGCACGGTGGCTCACGCCTGTAATCCCAACACTTTGGGAGGCCGAGGCGGGTGGATC  ACCTGAGGTCAGGAGTTCGAGACCAGCCTCGAATTATTATAAAATAATTCCAACACGCTGAA  ACCCTGTCTACTAAAAATACAAAAAATTAGAAAAAATTAGCCGGGCGCGGTGGCAGGCGCCT  GTAGTCCCAGCTACTCGGGAGGCTGAGGCAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTT  GCAGTGAGCCGAGATTGCGCCACTGCAGTCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTC  CGTCTC  >4  GGCCGGGCGCGGTGGCTCACGCCTGTAATCACAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCTTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >5  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAAGAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCTCAGCTACTCGGGAGGCTGAG  GCAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCA  GTCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >6  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGAAAACAGAGCGAGACTCCGTCTC  >7  AGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGAGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCAGGCGCAGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGTGGAGCTTGCAGTGAGCTGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >8  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAACTTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCAGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG   TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >9  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCAAGGCGGGTGGATC  GTGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAATTAGCCGGGCGCGGTGGCAGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGGC  AGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCACCACTGCAGT  CCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >10  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGTGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGTGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >11  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAGAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTGGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >12  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGTTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGATCGAGACTCCGTCTC  >13  GGCCGGGCGCAGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCACGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGTGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAAAGCGAGACTCCGTCTC  >14  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAA  ATACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGA  GGCAGGAGAATGGCGTGAACCCAGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGC  AGTCCACAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >15  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGATGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGTGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCAACAGAGCGAGACTCCGTCTC  >16  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCAGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCATGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >17  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC   ATGAGGTCAGGAGATCGAGACCAACCTGGCTAACAAGGTGAAACCCCGTCTCTAAAAATACA  AAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGGCAG  GAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAGTCC  GCAGTCCGGCCTGGGCGACAGAGCAAGACTCCGTCTC  >18  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTGGGGAGGCTGAGG  CAGGAGAATGGTGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >19  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATTGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGTGAGACTCCGTCTC  >20  GGCCGGGCGCGGTGGCTCACGCCTGTAGTCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCACCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCTTGAACCCGGGAGGCGGAGCTTGCAGTGAGCCGAGATTCCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >21  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ACGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCAGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >22  GGCCAGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAAGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >23  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGTGGAGCTTGCAGTGAGCCGAGATTGTGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >24  CCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCAT  GAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTGGAAATAC  AAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGGCA  GGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCACCACTGCAGTC  CGCAGTCCGGCCTGGGCGACAGAGGGAGACTCCGTCTC  >25  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG   TCCGCAGTCCGGCCTGGGCAACAGAGCGAGACTCCGTCTC  >26  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATTGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATCGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGTGACAGAGCGAGACTCCGTCTC  >27  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATTGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTGGGGAGGCTGA  GGCAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGC  AGTCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >28  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  GAGGAGAATGGCGTGAACCCGGGAGGCGGAGCTTGCAGTGAGCTGAGATCGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >29  GGCCGGGCGTGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCAAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCAGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >30  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCTGGAGGCTGAG  GCAGGAGAATGGCGTGAACCTGGGAAGCGGAGCTCGCAGTGAGCCGAGATTGCGCCACTGCA  GTCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >31  GGCCGGGCGCGGGTGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGATATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACGAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >32  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAAAAATTGGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTG  AGGCAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTG  CAGTCCGCAGTCCCGCCTGGGCGACAGAGCGAGACTCCGTCTC  >33  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAAGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAGGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >34  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCAGGTGGATC   ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAAGGTGAAACCCCGTCTCTACTAAAAA  TACAAAAAAATTAGCCGGGCGCGGGGGCGGGCGCCTGTAGTCCCAGCTACTTGGGAGCCTGA  GGCAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGC  AGTCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >35  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCTGGGCGCGGTGGCGGGCGACTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >36  CGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCATGAGGT  CAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAATACAAAAA  AAAATTAGCCGGGCGCGGTGGCGGGTGCCTGTAGTCCCATCTACTCGGGAGGCTGAGGCAGG  AGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAGTCCG  CAGTCCGGCCTGGGCAACAGAGCGAGACTCCGTCTC  >37  AGCCGGGCGCAGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGCATGGATC  ACTTGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAA  ATACAAAAAATTAGCCGGGCGCGGTGGCAGACGCCTGTAGTCCCAGCTACTCGGGAGGCTGA  GGCAGGAGAATGGCGTGAACCCGGGAAGCAGAGCTTGCAGTGAGCCGAGATTGCGCCACTGC  AGTCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >38  GGCCAGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGTGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTGGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >39  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCACCTGTAGTCCCAGCTACTCTGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTCGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGAGAGACTCCGTCTC  >40  AGCTGGGCGCAGTGGCTCACGCCTATAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ACGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGTGCGGTGGCAGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCAGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >41  GGCCGGGCGCGGTGGCTCACGCCTATAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCACCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGTGAGACTCCGTCTC  >42  GCCGGGCGTGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCA  TGAGGTCAGGAGATCGAAACCATCCTGGCTAACAAGGTGAAACCCTGTCTCTACTAAAAATA  CAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCAGGAGGCTGAGGC  AGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAGT   CCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >43  AGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ACGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAAAAATTAGCCGGGCGCGGTGGCAGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTG  AGGCAGGAGAATGGCGTGAACCCGGGAAGCAGAGCTTGCAGTGAGCCGAGATTGCGCCACTG  CAGTCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >44  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ACGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCAGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCAGAGCTTGCAGTGAGCCGAGATTGCACCACTGCAG  TCCGCAGTCCGGCCTGGGGGACAGAGCGAGACTCCTTCTC  >45  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAATCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGAGCTTGCAGTGAGCCGAGATTGCGCCACTGC  AGTCCGCAGTCCGGCCTGGGCGACAGAGCAAGACTCCGTCTC  >46  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCAGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCTGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >47  GGCCGGGCGCGGTGGCTCACAACTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGAGCGCGGTGGCCGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >48  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAAATTAGCCGGGCGCGGTGGCAGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAG  GCAGGGGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCA  GTCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >49  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGTGGGTGGATC  ATGACGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCACCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGTGACAGAGCGAGACTCTGTCTC  >50  GGCCGGGCACGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCATCTCTACTAAAAAT  ACAAAAAATTAGCCAGGCGCGGTGGCGGGCACCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >51  GGCCGGGCGCGGTGGCTCACGCCTGTAACCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC   ATGAGGTCAGGAGATAGAGACCATCCTGGCTAACAAGGTGAAACCCCGTGTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCACCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >52  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTATTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGTGACAGAGCGAGACTCCGTCTC  >53  GGCCGGGCGCGGTGGCTCACGCCTGTAGTCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >54  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >55  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATG  AGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAATACA  AAAAATTAGCCGGGCGCAGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGGCAG  GAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAGTCC  GCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >56  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGAATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >57  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCAGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >58  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >59  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTCCGCCACTGCAG   TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >60  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >61  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >62  GGCCGGGCGCGGTGGCTCACGCCTGTAATTCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >63  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >64  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ACGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >65  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCGTCTCTACTAAAAATA  CAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGGC  AGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAGT  CCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >66  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >67  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTAGGGAGGCTGAG  GCAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCA  GTCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >68  GGCCAGGCGCAGTGGCTCACGCCTGTAATCCCAGCACTATGGGAGGCCAAGGCAGGTGGATC   ACCTGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAA  ATACAAAAAATTAGCCAGGCGCGGTGGCGGGCGCCTATAGTCCCAGCTACTCGGGAGGCTGA  GGCAGGAGAATGGCGTGAACCCAGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGC  AGTCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCTGTCTC  >69  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >70  GGCCGGGCACGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >71  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >72  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCACCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >73  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCAGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >74  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAGGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >75  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTTGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >76  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCATGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG   TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >77  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCAAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >78  GGCTGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >79  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >80  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGAGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >81  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >82  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >83  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >84  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCGTCTCTACTAAAAATA  CAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGGC  AGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAGT  CCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCATCTC  >85  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC   ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGCGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >86  GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC  ATGAGGTCAGGAGATCGAGACCATCCTGGCTAACAAGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCCGGGAAGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAG  TCCGCAGTCCGGCCTGGGCGACAGAGCGAGACTCCGTCTC  >sahAluY  GGCTGGGTGCGGTGGTTCATGTCTATAATCCCAGCACTTTGGGAGGCCGAGGCGGGCGGATC  ACAAGGTCAGGAGATCGAGACCATCTTGGCTAACACGGTGAAACCCCGTCTTTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCTGGGAGGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAA  TCCGGCCTGGGCTAAACAGCGGGACTCCGTCTC  >msAluY  GGCTGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGCGGATC  ACAAGGTCAGGAGATCGAGACCATCTTGGCTAACACGGTGAAACCCCGTCTCTACTAAAAAT  ACAAAAAATTAGCCGGGCGCGGTGGCGGGCGCCTGTAGTCCCAGCTACTCGGGAGGCTGAGG  CAGGAGAATGGCGTGAACCTGGGAGGCGGAGCTTGCAGTGAGCCGAGATTGCGCCACTGCAA 
